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We consider a continuous one dimensional model of two charged inter- 
acting particles in a random potential. The electric repulsion is strictly one 
dimensional and it inhibits Anderson localization. In fact, the spectrum is 
continuous. The case of electrical attraction is briefly studied and it shows 
bounded states. So, the dynamics is sign- dependent for this model. We sup- 
port our analytical results with numerical simulations where the effect of 
repulsion breaking localization is clearly observed. 
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The problem of one particle in a random potential has been studied widely 
after the pioneer work by Anderson [1-5] . Now, it is accepted that exponen- 
tial localization could take place in such disordered systems depending on the 
degree of disorder, the dimension D, and the energy of the system. The role 
of internal spatial local correlations at the random potential has been consid- 
ered as mechanism of delocahzation. In fact, there is theoretical [6-19] and 
experimental [20] evidence of delocahzation due to correlations. Moreover, 
the role of no local correlation has been studied showing new phenomena of 
delocahzation [21]. Also, the dynamics of some open random systems has 
been studied showing the breaking of Anderson locahzation [22] . Recently, 
the role of interaction between particles in disordered systems has been con- 
sidered (two interacting particles or TIP). Nevertheless, here some contro- 
versy exist [23-31]. It seems that for on-site interaction (discrete model), the 
localization length is enhanced with independence on the interaction sign. 

In this paper, and for strictly one-dimensional electric repulsion, we show 
that Anderson localization is broken for two interacting particles. Moreover, 
the behavior of the system is not sign-independent. Our quantum model 
is continuous and different of the usual discrete TIP model found in the 
literature. 

Consider Gauss's theorem in D dimension, namely a charge q producing 

an electric field E and a hypersphere of radius r around the charge. The theo- 
rem establishes that the electric flux through the hypersphere is proportional 
to the charge enclosed. Namely, 

Er"^-^ ~ q. (1) 

So, the electric field produced by a charge is dependent on the dimension D. 

In three dimensions we have the usual dependence and in strictly one 
dimension the electric fleld is constant at the left and right of the charge q. 
Namely, in one dimension, the electric potential produced by one charge q is 
given by 

V{x)^-aq\x\, D^l, (2) 

where a is a proportionality constant and x the position. 

A remark concerning the one dimensional case. Since for a 'sphere' in the 
one dimension we have problems defining its surface, the result (2) is also 
obtained by solving the Poisons equation V" ~ qS{x) with the corresponding 
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conditions of continuity V^+(0) = 1/-(0) , ^^+(0) - ^^"(0) - q and the 
symmetry condition V{x) = V{—x). 

In order to consider two charged interacting particles in strictly one- 
dimensional disordered potential, wc must consider the above electric po- 
tential in the Hamiltonian: let x and y be the coordinate-operator of two 
particles of charge q and Q , respectively; then the Hamiltonian-operator of 
the systems is given by 

where ^ denotes the random potential acting on every particle. To study the 
above system we assume the following 



(i) Particles do not overlap. Namely, we assume the charge Q always on 
the right of q. 

(ii) Particles are distinguishable {Q q), however by simplicity we assume 
M = m. 

(iii) The random potential is bounded < ^max) and has no internal cor- 
relation. Namely, if ^{x) = J2 fi{x — Xi) then every function /j is independent 
(also the random variable Xi). So, if there are extended states they are not 
related to correlations at the random potential [6-19]. 

(iv) No decoherence effects due to an external bath, or measurement, are 
considered i.e. we have always a quantum pure state. 



Let the state ^'^^(a;, |/) be solution of the time independent Schrodinger 
equation, namely 

H^^ = uj^^, (4) 
where lu is the energy {h — 1). The condition (i) requires that 

Since the charge Q is on the right of q, the electrical interaction does not 
require the absolute value i.e. |l/ — a;| = y — x. The Schrodinger equation (4) 
becomes separable, and related to the solution of 
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2m dz^ 



0+ {.^{z) ±aqQz)4> = e4>, 



(6) 



where the constant e is the energy. Since wc are assuming electrical repulsion 
{Q > 0,q > 0), the sign minus (or plus) in (6) corresponds to the equation 
for Q (or q). So, the charge Q, on the right of q, experiences two forces: the 
random due to disorder, and the electrical repulsion directed to the right. 
The charge q is repelled to the left. 

The continuous Schrodinger equation (6) has been studied in the liter- 
ature and it corresponds to a particle in a disordered potential with a dc 
electric field. For bounded disordered potential (iii), the states (f) are ex- 
tended in the direction of the field and the spectrum e is continuous [32-35] . 
This can be understood intuitively when we consider that for a distance 
kl ^ ^max/oi(lQ the electric dc field dominates the asymptotic behavior of 
the system and producing extended states. We remark that our model is con- 
tinuous, with bounded disorder, as required by the theory of delocalization 
with electric dc field [32]. 

In this way, the solution of equation (4) can be written as 



where 0^ denotes the extended solution of energy e of (6). We remark that 
the condition (i) (not overlap \l/(a;, x) = 0) is satisfied automatically from 
the antisymmetric condition for the wave function. Then, for repulsion, lo- 
calization is inhibited for two charged interacting particles in strictly one 
dimension. Moreover, the spectrum uj is continuous and determined asymp- 
totically by the electric interaction. Namely, no periodic (or quasiperiodic) 
motion exists in the system. 

Numerical time-evolution calculations confirm our conjecture about delo- 
calization in the repulsive case: Figure (la) shows the time-dispersion for two 
wavepackets (particles) when interaction and disorder do not exist. The ini- 
tial condition is the localized state ^'(x, y,t — 0) — 5x,xo^y.yo the regime 
is ballistic. It shows the probability J dx\^{x,y,t)\ and J dy \^{x,y,t)\ to 
find the particle Q and q respectively at time t ^ 0. Figure (lb) shows the 
two particles under onc-dimcnsional electric repulsion and the same initial 
conditions of (la). Remark the time separation of the center of mass for every 
particle because repulsion. Figure (Ic) shows the evolution when only disor- 
der is present, and one notes the absence of dispersion for the wavepackets. 



'^uj{x,y) = {0e(.«)0a;-.(y) ^ (t)e{y)(pu;-eix)} ] X < y, 



(7) 



4 



Finally, Figure (Id) shows the combined effect of repulsion and localization. 
Clearly, disorder does not stop the separation due to repulsion of both parti- 
cles. The numerical calculations were carried-out by solving the Schrodinger 
equation related to (3) with a simple procedure (finite-differences). The po- 
tential ^ was constructed using a random number generator. The spatial 
boundary was avoided by considering a finite number of iterations. This 
number was found by using the iteration procedure related to figure (lb), 
the most fast motion. All figures have the same parameters (number of 
iterations, step, disorder, etc.). 

On the other hand, when electrical attraction is considered in our one- 
dimensional systems, the numerical results show the existence of bounded 
states. Figures (2a) and (2b) show the temporal evolution for two inter- 
acting particles in a random potential. (2a) shows the repulsive behavior 
related to delocalization. Figure (2b) shows the evolution when one changes 
the parameter of repulsion by attraction and keeping the same initial con- 
ditions and disorder [qQ — > —qQ). Clearly the behavior between repulsion 
and attraction is different. Since we are assuming attraction between both 
particles, the charge Q is pushed by the field to the left against q; but from 
(i) the wave function vanishes when y = x. From an analytical point of 
view, our result can be understood when we consider no disorder and the 
usual coordinate change to the centre of mass. Namely 2X — x + y and the 
relative coordinate 2r = x — y. The non overlap condition at r = and the 
constant attractive electric field gives origin to bounded states [36]. The fi- 
nite disorder ({ < ^max) does not change the behavior of the system governed 
asymptotically by the electric field. Discrete spectrum and bounded states 
exist in the system in this case. 

Finally, we notice that the one-dimensional electric case studied here 
is formally similar to two infinite parallel planes separated by a distance 
\y — x\ where the electric force is constant. This tells us that plane charged 
molecules are good candidates to test our result. Also quantum-wire, with 
one-dimensional directed electric-flux, seems an interesting candidate to ex- 
plore our conjectures. 

In conclusion: we have presented theoretical evidence that strict one di- 
mensional electrical repulsion, which is long-range, breaks Anderson local- 
ization for two interacting charged particles. This result is different to the 
discrete on-site interaction which only enhances the localization length, but 
does not break localization. In our case, the attraction and repulsion behav- 
ior are sign-depending. These results were confirmed numerically. 
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FIGURE CAPTION 



Figure 1. (la) Time evolution probability for two particles without dis- 
order and electric interaction. The initial condition is ^(a;, = Sx^xa^y.yo- 
The dispersion is ballistic. For simplicity we do not consider antisymmetric 
states, (lb) Time evolution probability with electric field repulsion. The 
parameters are the same as in figure (la). Still we have no disorder. Remark 
the increasing separation between the wavepackets with time. (Ic) The same 
situation as in figure (la) but with disorder and without electric interaction. 
Clearly, diffusion does not exist because Anderson localization. (Id) Com- 
bined influence of electric repulsion and disorder. Disorder does not stop the 
repulsion process and delocalization operates. 



Figure 2. (2a) shows the repulsion for two electric charges in a random 
potential. Figure (2b) shows the attractive case with the same parameter 
of disorder and initial conditions. Clearly the behavior is different in both 
cases. 
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